Abstract: The first AO comprehensive pediatric long-bone fracture classification system has been proposed following a structured path of development and validation with experienced pediatric surgeons. A Web-based multicenter agreement study involving 70 surgeons in 15 clinics and 5 countries was conducted to assess the reliability and accuracy of this classification when used by a wide range of surgeons with various levels of experience. Training was provided at each clinic before the session. Using the Internet, participants could log in at any time and classify 275 supracondylar, radius, and tibia fractures at their own pace. The fracture diagnosis was made following the hierarchy of the classification system using both clinical terminology and codes. J coefficients for the single-surgeon diagnosis of epiphyseal, metaphyseal, or diaphyseal fracture type were 0.66, 0.80, and 0.91, respectively. Median accuracy estimates for each bone and type were all greater than 80%. Depending on their experience and specialization, surgeons greatly varied in their ability to classify fractures. Pediatric training and at least 2 years of experience were associated with significant improvement in reliability and accuracy. J coefficients for diagnosis of specific child patterns were 0.51, 0.63, and 0.48 for epiphyseal, metaphyseal, and diaphyseal fractures, respectively. Identified reasons for coding discrepancies were related to different understandings of terminology and definitions, as well as poor quality radiographic images. Results supported some minor adjustments in the coding of fracture type and child patterns. This classification system received wide acceptance and support among the surgeons involved. As long as appropriate training could be performed, the system classification was reliable, especially among surgeons with a minimum of 2 years of clinical experience. We encourage broad-based consultation between surgeons' international societies and the use of this classification system in the context of clinical practice as well as prospectively for clinical studies. 2Y5 To achieve these goals, Audigé et al 6 recommended that 3 research phases should be successively completed before a classification could be considered as validated. The first development phase involving clinical experts has been completed after a series of pilot agreement studies. 7, 8 In the fourth agreement study, overall J coefficients were greater than 0.80, which may be considered as extremely satisfactory because this level of reliability has almost never been reached in the past.
1
A classification system should be clinically relevant, reliable, repeatable, and valid. 2Y5 To achieve these goals, Audigé et al 6 recommended that 3 research phases should be successively completed before a classification could be considered as validated. The first development phase involving clinical experts has been completed after a series of pilot agreement studies. 7, 8 In the fourth agreement study, overall J coefficients were greater than 0.80, which may be considered as extremely satisfactory because this level of reliability has almost never been reached in the past. 3 Estimates of classification accuracy were mostly greater than 90%. During this first phase of development and validation, surgeons were not only experienced pediatric surgeons, but also experienced in the classification itself. They received full training before the sessions, including a careful description and mock implementation of the classification process. A transparency sheet with squares of increasing size was placed on the radiographs whenever necessary as an aid to classifying epiphyseal (E), metaphyseal (M), and diaphyseal (D) fractures. 1, 7 Favorable results, although very promising in such an ideal setting, cannot be extrapolated to daily clinical settings. Therefore, it was important that a similar agreement study be conducted in a second phase (in other clinics with surgeons of different levels of experience) before conclusive results could be drawn. These would form the basis for a classification tool to be used for documentation and evaluation of treatment options and outcomes in a third validation phase.
This study was explorative and descriptive aimed at assessing the reliability and accuracy of using standard radiographic images to classify pediatric long-bone fractures and their variability among surgeons of various experience level. We hypothesized that increased experience with pediatric traumatology (pediatric training, years of experience, number of fractures seen) would be associated with increased reliability and accuracy. We also hypothesized that surgeons within clinics and countries would be more alike in their classification process and ability than surgeons between clinics and countries.
METHODS
A prospective collection of 275 cases was conducted at the University Children's Hospital (Bern, Switzerland). Pediatric patients (G16 years old) with the following isolated injuries were eligible: humerus supracondylar fractures, forearm fractures, and tibia fractures. Fractures with closed physes were excluded. The selection of cases was independent of the perceived quality of the images. Anteroposterior and lateral standard preoperative radiographs were digitalized and organized in random order into a Web-based application.
The Web-based application was organized in several parts: part 1 included 4 questions describing the surgeon's training, position, and experience in treating pediatric fractures; part 2 was a training module with 15 selected cases, where surgeons could evaluate their responses with reference to the classification by experienced surgeons (derived from the first validation phase 8 ); part 3 provided the classification session module with the 275 cases. Surgeon participants were given a user name and password to access the Web site and classify the cases independently at their own pace. Participants could access the classification brochure and definitions at any time. They were asked to use a transparency sheet with a grid on it to increase the reliability of distinguishing between metaphyseal and diaphyseal fractures. 7 In short, the metaphysis is identified by a square with one of its sides being placed over the growth plate and onto which the widest part of the growth plate in question will fit. Bone pairs radius/ulna and tibia/fibula are included in the square.
A screen shot of the classification page (training module) is presented in Figure 1 . Surgeons were first asked to classify the bone, type, and segment in sequence by dropdown menus. Depending on their choice, additional questions regarding the child code, severity, and exception codes were presented. They could provide comments on the presented case and make any correction in their diagnosis until they pressed the button Bsubmit.^The data were saved to a central database, and the next case was presented. No feedback on fracture diagnosis was provided. Surgeons could log out at any time and were brought back to the last screen at the subsequent log in until completion of the whole session. At the end of the session, opportunity was given to comment on the classification system and their experience with the session.
Eligible clinics were clinics where pediatric long-bone fractures were being treated and where at least 5 potential users of the classification would accept participation in the classification session. Potential users of the classification system were pediatric orthopaedic surgeons, pediatric surgeons, trauma surgeons, and general surgeons. For the selection of clinics, project team members (experienced surgeons involved in phase 1 validation 8 ) acted as study representatives in their own country, that is, France, United Kingdom, Germany, Switzerland, and the United States. They provided the study coordinator (L.A.) with a list of 4 to 6 clinics that might be eligible for the study. For each country, these clinics were listed randomly and contacted successively by the project team member to explain the study and seek participation. Clinics expressing an interest in participation received additional detailed documentation about the project and, on final acceptance, provided the names of potential participants for password generation. To ensure participation of a wide spectrum of surgeons, our objective was to enroll at least 2 clinics per country and recruit about 75 to 80 participants. Meetings were organized at each clinic or at locations that permitted the attendance of most of the participants. One or 2 members of the project team presented the classification system in detail, explained the validation process, and led participants through the start of the classification session (Web-based training module). Participants were given about 6 weeks to complete the session. The study coordinator and data analyst (L.A.) reviewed the central study database every 2 weeks to monitor the progress of data collection. An e-mail updating the progress of the study was sent to each participating clinic until all the respective surgeons had completed the session.
The profile of participants was described. The day and time of submission of the classification information were recorded for each case, and the median time between 2 subsequent submissions was computed for each participant. For this analysis, we arbitrarily excluded all time intervals longer than 30 minutes because surgeons might be called away to other clinical work during the session.
The correct identification of the involved bone was examined. The classification of fracture type and localization as E, M, or D was analyzed separately for each bone, whereby 9 cases that were identified as radial head fractures were excluded. For the analysis of the child codes, we considered only the data for which raters were correct in classifying the respective fracture type. When the fracture type was misclassified, all data at lower levels in the classification hierarchy were ignored and set as Bmissing.^The correct classification of fracture type was that defined by most raters.
Interrater classification reliability was evaluated by means of the J coefficients using the statistical software Intercooled Stata (StataCorp LP, College Station, Tex). 9 The J coefficient is commonly used as a Bchance-corrected measure of agreement.^This coefficient ranges from 1 (complete agreement) through 0 (agreement by chance alone) to less than 0 (less agreement than expected by chance). We conducted univariate and multivariate regression analyses to investigate the influence of the following factors related to each pair of surgeons on surgeon pairwise J coefficients: Both surgeons were from the same country (yes/no) Both surgeons were from Switzerland or Germany (yes/no), that is, most probably familiar with the Müller-AO classification of long bones Both surgeons were from the same clinic (yes/no) Both surgeons were of the same type (pediatric orthopaedic surgeon, pediatric surgeon, trauma surgeon, or general surgeon) (yes/no) Both surgeons were pediatric surgeons (orthopaedic or not) (yes/no) Both surgeons were consultant or chief surgeons (yes/no) Both surgeons had more than 2 years of experience (yes/no) Both surgeons were seeing more than 200 pediatric fractures annually (yes/no) Classification accuracy was estimated by fracture category with more than 20 fractures in the sample as the proportion of fractures correctly classified. The most likely distribution of true fracture categories in the sample was estimated by allocating fractures to the category in which they were classified by most raters. Univariate and multivariate regression analyses were applied to investigate the influence of the surgeon's characteristics on classification accuracy. After data exploration, surgeon parameters were differentiated as follows: Surgeon probably familiar with the Müller-AO classification for adults (Swiss or German countries) (yes/no) Pediatric surgeon (orthopaedic or not) (yes/no) Senior assistant, consultant, or chief surgeon (yes/no) More than 2 years of experience (yes/no) Annually more than 200 pediatric fractures seen (yes/no)
RESULTS

Participants and Classification Session
In total, 15 clinics, including 5 located in Switzerland, 3 in France, 3 in Germany, 2 in the United Kingdom, 2 in the United States, participated in the session. One additional clinic in the United Kingdom and 2 in the United States had expressed interest and were instructed on how to participate in the study, but none of the surgeons actually started the classification session. At the 15 clinics, 77 surgeons were enrolled and instructed; 68 (88%) completed the session fully, and 7 (9%) never started to classify the 275 cases.
The following description relates to all 70 surgeons who classified at least 1 case in the session. Participating surgeons were pediatric orthopaedic surgeons (26%), pediatric surgeons (39%), trauma surgeons (29%), and general surgeons (7%). There were 14 chief surgeons (20%), 27 consultant surgeons (39%), 11 senior assistants (4Y6 years of trauma experience) (16%), and 18 junior assistants (1Y3 years of trauma experience) (26%). These surgeons reported a wide range of experience regarding years of experience and the actual annual number of pediatric fractures seen in practice (Table 1) . Although the types of surgeons were not significantly associated with the number of pediatric fractures seen annually, the years of experience were related to the surgeon's professional status. The mean of the surgeon's median time to classify cases was 46 seconds, ranging from 24 to 97 seconds. The median time to classify cases was significantly higher for junior assistants and decreased for consultants and chief surgeons (Kruskal-Wallis test, P = 0.027), which was also related to years in practice, but it was not significantly related to the surgeon's specialization or the number of fractures seen annually.
Distribution of Classification Codes per Case: Bone
Tables of classification codes were prepared for each case to identify cases showing excellent agreement between A number of codes involved the wrong bone, which may be related to lack of attention or error in data entry. In addition, surgeons commented on the poor quality of some radiographs and therefore on the lack of appropriate clinical information for reliable coding. Participants fully agreed on the identification of 45% of 44 supracondylar fractures, 66% of 163 radius fractures, and 48% of tibia fractures. The number of surgeons who coded the bones incorrectly ranged from 1 to a maximum of 8, but 83% of these cases had only 1 or 2 misclassifications.
Almost all surgeons (74%, 52/70) misclassified at least 1 case, but only 40% misclassified more than 2 cases. We noted that 1 participant misclassified the bone in 46 cases (17% of the 275 fractures). For the rest of the analyses, classification data were ignored when the bone was misclassified.
Fracture Type E-M-D Raw agreement was reached by at least 90% of raters in 66% of 44 supracondylar fractures, 81% of 154 radius fractures, and 91% of 68 tibia fractures (Table 2 ). Overall J coefficients were 0.66, 0.82, and 0.91 for these fracture groups, respectively.
The mean raters' pairwise J coefficients were 0.66 (range, j0.22 to 1.00) for supracondylar fractures, 0.82 (range, 0.40 to 0.97) for radius fractures, and 0.91 (range, 0.61 to 1.00) for tibia fractures. Hence, although the overall J seems very high, we observed a wide range of pairwise J from perfect agreement to very poor agreement consistent with chance agreement. For the classification of supracondylar fracture type, surgeons agreed significantly better (higher pairwise J) if they were both pediatric surgeons (P G 0.001), and both with more than 10 years of experience (P = 0.001). For the classification of radial fracture type, surgeons agreed significantly better if they were both familiar with the (adult) Müller-AO classification (Swiss or German clinic) (P = 0.01), and both with more than 2 years of experience (P G 0.001). For the classification of tibia fracture type, surgeons agreed significantly better if they were both pediatric surgeons (P G 0.001), both either consultants or chief surgeons (P = 0.01) and both with more than 2 years of experience (P G 0.001). When both were seeing more than 200 fractures annually, however, we observed a lower pairwise J (P G 0.001).
Median accuracy estimates for each bone and type were all at least 85%, and ranged mostly from about 50% to a maximum of 100% between raters (Table 3 ; Fig. 3 ). Being a pediatric surgeon was associated with a significant increase of 2.6% (P = 0.035) and 1.5% (P = 0.042) classification accuracy for metaphyseal supracondylar and diaphyseal tibia fractures, respectively. Having more than 2 years of experience was associated with a significantly increased accuracy of 14% (P = 0.023) in epiphyseal supracondylar fractures, 7% (P = 0.011) in metaphyseal radius fractures, and 6.2% (P = 0.001) in epiphyseal tibia fractures. Being a senior assistant, consultant, or chief surgeon was associated with a significantly increased accuracy of 14% (P = 0.013) in epiphyseal radius fractures. Being familiar with the Müller-AO long-bone classification for adults showed inconsistent negative and positive influences depending on the bone and type.
Child Codes Epiphyseal Fractures
Given the observed misclassification of fracture type presented earlier, there were between 35 and 69 ratings per case with an epiphyseal fracture ( Table 4) . At least 80% of raters reached agreement on 20 (47%) of 42 epiphyseal fractures. The sample seemed to include mainly Salter-Harris II (/2) and Salter-Harris IV (/4) fracture patterns, and the overall J was 0.51. Most Salter-Harris IV fractures however were observed for supracondylar fractures and did not show good rating reliability (J = 0.07). Salter-Harris II fractures were observed for radius and tibia fractures and showed better rating reliability, in particular, in tibia fractures (J = 0.69). The numbers of cases within each child pattern category in subgroup analyses (ie, separately for each bone) remain small. The overall J of 0.51 is lower than the 0.91 observed in the fourth session of phase 1 validation with the expert surgeons. 8 Surgeon's pairwise J coefficients ranged from j0.08 to 1.
Surgeons' estimated accuracy in classifying 19 SalterHarris II epiphyseal radius and tibia fractures (E/2) ranged from 31% to 100% (median, 93%; Fig. 4) . Accuracies of at least 90% were achieved by 29 surgeons (59%). Misclassification occurred with all other Salter-Harris categories, including Type IV. Surgeons with more than 2 years of experience showed a significantly improved accuracy of 16% (P = 0.034). The only surgeon showing accuracy less than 50% was a junior assistant trauma surgeon seeing more than 200 fractures annually. 
Metaphyseal Fractures
There were between 41 and 70 ratings per case with a metaphyseal fracture (Table 5 ). At least 80% of raters reached agreement on 84 of 107 metaphyseal fractures (79%). The sample seemed to include only buckle or greenstick (/2) or complete metaphyseal fractures (/3), and no ligament avulsion (/7). The overall J was 0.70 and 0.67 for radius and tibia fractures, respectively. Supracondylar metaphyseal fractures were almost all complete fractures, but there was poor reliability in identifying them (J = 0.25). The overall J of 0.65 is lower than 0.88, as was observed in the fourth session of phase 1 validation with the expert surgeons. 8 Surgeon's pairwise J coefficients ranged from 0.02 to 0.95.
Surgeons' accuracy in classifying 21 buckle or greenstick metaphyseal (M/2) radius fractures ranged from 59% to 100% (median, 91%; Fig. 4) . Misclassification of up to 41% occurred for the other category of complete metaphyseal fractures (/3). We found no significant association between accuracy estimates and surgeon's parameters.
Surgeons' accuracy in classifying complete metaphyseal fractures (M/3) ranged from 55% to 100% (median, 92%) for 47 radius fractures and from 32% to 100% (median, 96%) for 30 supracondylar fractures. Misclassification occurred with the other category of buckle or greenstick metaphyseal fractures (/2) up to 45% and 68%, respectively. We found no significant association between accuracy estimates and surgeon's parameters for any bone.
Diaphyseal Fractures
There were between 42 and 70 ratings per case of diaphyseal fracture (Table 6 ). Rating agreement by at least half of the raters was reached for 107 (91%) of 117 diaphyseal fractures. The 10 cases with rating agreement among less than 50% of raters were all radius fractures. Although 60 (82%) of 73 radius fractures were greenstick (/2) or transverse fractures (/4), the 44 tibia fractures included 7 transverse fractures (/4) and 35 spiral fractures (/5). The overall J was 0.32 and 0.51 for radius and tibia fractures, respectively, and 0.48 for both bones combined, which is lower than 0.84, as observed in the fourth session of phase 1 validation. Surgeon's pairwise J coefficients ranged from 0.10 to 0.83.
Surgeons' accuracy in classifying 56 diaphyseal transverse (G30 degrees; /4) radius and tibia fractures ranged from 37% to 100% (median, 78%; Fig. 4 ). Misclassification occurred for the other category of oblique/spiral fracture (930 degrees; /5) up to 57% and up to 41%. For categories of incomplete fractures (/1 bowing fracture, /2 greenstick, /3 toddler fracture), we found no significant association between accuracy estimates and surgeon's parameters.
Surgeons' accuracy in classifying 40 oblique/spiral (930 degrees; /5) radius and tibia fractures ranged from 49% to 100% (median, 87%; Fig. 4) . Misclassification occurred for the other category transverse fracture (G30 degrees; /4) up to 46%, and for categories of incomplete fractures (/1 bowing fracture, /2 greenstick, /3 toddler fracture) up to 25%. Pediatric surgeons showed a significant improvement in accuracy of 6% in classifying these fractures correctly as oblique or spiral (P = 0.042).
DISCUSSION
After the first phase of development and validation with experienced surgeons, 8 this study represents a critical step in the validation process before the classification system can be applied in clinical practice. Our analysis was conducted sequentially and separately for distinct parts of the whole proposed system to identify areas requiring improvement, such as the Salter-Harris classification of epiphyseal fractures. For these areas, further review and evaluation should be implemented. In a final validation phase, this pediatric fracture classification system will be evaluated with regard to clinical consequences (eg, treatment choice and patient outcomes) in the context of a prospective clinical study. 6 To the authors' knowledge, this study is the first of its scale to assess the reliability and accuracy of classifying pediatric long-bone fractures among a large number of surgeons. We selected surgeons who would represent a reasonable sample of all surgeons treating these fractures on a daily basis. The variability of the participants is reflected by their country and their level of experience and training in recognizing pediatric fractures. Most clinics were located in Europe, and the rest in the United States. Some follow-up evaluation may be implemented not only in the United States, but also in other regions, such as Latin America and Asia Pacific. Cultural differences between countries do exist, but we believe that the different levels of training and minimum amount of experience are dependent on the clinic situation. In addition, decisions regarding an injury are rarely taken by the youngest assistant alone, and this must be taken very seriously into account in the following discussion. We believe that it explains the quite considerable differences between the classification of the group of experts 1, 7 and the group of the physicians in this validation exercise and, hence, the observed results have limitations and are expected to improve in real clinical settings.
The use of a Web site to conduct the session provided flexibility and allowed participants to classify cases independently without becoming tired from large consecutive series. We provided guidance both with regard to the classification system itself as well as in the use of the Web site. Although some surgeons mentioned that they did not feel ready and fully confident to use the classification system at the start of the session, we believe our level of initial training may well reflect what can be achieved in practice. Hence, some participants were very well trained, and their performance may approach that obtained by the pediatric experts in phase 1 (session 4) 8 ; others were novices in this process. Results therefore may be extrapolated to all surgeons.
Classification reliability was assessed by the J coefficient that has several limitations. The J coefficient is strongly influenced by the distribution of fracture categories within a sample, 10 and interpretation guidelines remain subjective. For instance, a J coefficient of 0.70 may be interpreted as Bsubstantial,^1
1 Bgood,^1 2 Bfair to good,^1 3 or Bfair^1 4 agreement, depending on the scale used. The meaning attached to these words may vary between individuals. Using J however remains a useful indicator of reliability; in fracture classification systems, having a J greater than 0.70 is a good sign. 3 We considered J values greater than that threshold very positively but nevertheless further examined the reasons for rating disagreements to suggest options for improvement. Another limitation is related to reliability assessment per se, as different surgeons may wrongly agree on their diagnosis, that is, the classification process may be reliable but inaccurate. Therefore, we also assessed classification accuracy to help make better conclusions on the validity of the classification process. There was no accepted accuracy threshold on which one can make a final judgment of validity, but we considered accuracy estimates greater than 80% nevertheless positive.
Fracture Type E-M-D
With overall J coefficients of reliability ranging from 0.66 to 0.91 between bones and surgeon's median accuracies being greater than 85%, the process of classifying fracture types as E, M, or D showed a sign of good overall reliability and accuracy. We nevertheless observed variability between surgeons, hence, we believe that there is still potential for improvement in the daily clinical context.
The first consideration should be whether the definitions were clear enough and whether surgeons were appropriately trained. The differentiation between E and M is directly related to the consensus that all fractures of the growth plate are classified as epiphyseal fractures. We are aware that some surgeons would classify Salter-Harris I and II as metaphyseal fractures, as suggested by other authors, 15 and they may have occasionally ignored our definition. A classification system cannot correct for deficient or differing knowledge in fracture morphologies, but may help to understand them better. This stage of the validation process was set to assess whether surgeons classified fractures similarly after agreeing on definitions and applying the defined classification process, and whether the described categories were perceived as right or wrong. We noticed that some participants did not use the clearly predefined definitions. Only time and appropriate training will bring all surgeons to a common understanding of the defined categories. The differentiation between M and D is defined by the square rule. Participants were asked to use a transparency sheet with predrawn squares systematically as in a previous expert session, 8 but we suspect it was not always Participants commented that the quality of the radiographs was poor for some cases. Case selection was not based on image quality, and surgeons could not ask for new or additional images as in any clinical setting. Therefore, improvement can be expected at that level if additional diagnostic images can be obtained. Having more clinical data in addition to radiographs would also improve the classification accuracy of surgeons.
Child Codes
The classification according to child-specific fracture pattern in epiphyseal fractures showed limited reliability with J coefficients around or less than 0.50, which is much lower than the J of 0.91 recorded previously. 8 This poor result should not discredit the whole classification system, but raises specific concerns about the Salter-Harris classification. There was confusion in the classification of Salter-Harris I to IV. There were apparently only Salter-Harris IV fractures among the distal humerus fractures (Salter-Harris III and SalterHarris IV; fractures of the radial condyle are the most frequently encountered), and only Salter-Harris II among radius fractures (the most frequent fractures in this segment). As this distribution reflects reality, we suspect that many surgeons were not actually familiar with all categories of the Salter-Harris classification system. 16 We are not aware of a previous validation of the Salter-Harris classification, so such additional evaluation would help identify the reasons for discrepancies between surgeons' diagnoses. As illustrated by this study, the evaluation of classification systems should be initiated before they are promoted for use in clinical settings so that appropriate changes can be implemented with sufficient flexibility.
The medians of surgeons' accuracy in classifying complete metaphyseal (M/3) fractures were 92% and 96% for radius and supracondylar fractures, respectively. Although such results can be described as satisfactory, individual accuracies ranged, respectively, from 55% to 100% and 37% to 100%. Two surgeons achieved an accuracy of less than 50% for supracondylar fractures. A contact with the most experienced of these surgeons revealed that definitions were not correctly used for distinction between complete and incomplete metaphyseal fractures. This surgeon did not attend the training session, and instructions were only given via printed documents. In addition, in the provided classification brochure, case examples seemed to illustrate the clear discrimination between complete and incomplete fractures inadequately, and this has been corrected subsequently with unambiguous examples. Hence, we cannot stress the importance of training enough and the need to develop adequate experience with the classification system before it can be reliably used.
The median of surgeons' accuracy in classifying diaphyseal transverse (/4) radius and tibia fractures was 78%, ranging from 37% to 100%. Because misclassification occurred mainly with oblique/spiral fractures (/5), we recommend that angle measurement is applied in critical cases to identify the limit of 30 degrees. In prospective studies, the actual angle measurement (and not only its categorization as transverse vs. spiral/oblique) should be recorded to explore further the rationale for the limit of 30 degrees.
Despite the large collection of cases used in this study, only 2 tibia cases were identified as being toddler fractures (/3) by most surgeons. Given the limited clinical significance of a separate classification category for toddler fractures, our working group suggested that these fractures be included in the Bother^category (/9) for simplicity. We also wish to remark that greenstick (/2) fractures are incomplete fractures and not complete fractures with an irregular fracture line as they are understood in some countries.
This assessment was based on single-surgeon ratings. One practical option to increase classification accuracy would be to involve the whole clinic in the classification process, for example, by asking all trained surgeons to agree on the classification observation and coding for all fractures seen in the clinic (eg, each morning at a clinical meeting). We evaluated this option by simulation using our database with multicenter ratings and demonstrated improvement in classification reliability and accuracy. Detailed results however remain beyond the scope of this analysis.
The current AO proposal for a pediatric long-bone fracture classification system was well accepted by the participants, and therefore we believe it can become an international standard. This study shows that large multicenter agreement studies using radiographs can be conducted via Internet. The classification process was facilitated when categories were presented systematically with medical wording, instead of asking surgeons to remember arbitrary coding strings. This should be systematic in any documentation system. This evaluation suggests that some adjustments to the previously described system should be considered for fracture type and child code. For fracture type, although disagreement between M and D fractures is mainly related to the use of the square template and should be expected to be limited, that between E and M fractures will always include some level of subjectivity. Variability in J and accuracy was related to pediatric specialty and experience. No change in the current definition has been made except for proximal radial fractures for which the distinction between E and M fractures typically has no clinical relevance.
The classification of child patterns was satisfactory for some fracture groups, such as in the metaphyses of the radius and the tibia (J = 0.67). This classification process, however, seemed less reliable in other fracture groups, with J around or less than 0.50. This may be related to difficulties in differentiating between Salter-Harris categories (E/1 to /4) in epiphyseal fractures, in identifying complete metaphyseal fractures in supracondylar fractures (M/3), in differentiating between patterns of incomplete diaphyseal fractures (/1 bowing fracture, /2 greenstick, /3 toddler fracture), and in differentiating between transverse and oblique/spiral diaphyseal fractures. No conclusion can be drawn as to the reliability and accuracy of classifying toddler fractures, and specific patterns such as Monteggia (/6) and Galeazzi (/7) lesions. Raters' pairwise J showed that surgeons can come to full agreement in their diagnosis, and accuracy estimates showed that unsatisfactory results may be related to the poor performance of some surgeons (most estimates were 980%). Some further considerations of clarification of definitions and possible system simplifications were discussed, and some lack of training and application of definitions was identified. All child codes for E and M fractures should be retained. For D fractures, the child codes /2 (toddler) should be removed and combined with /9 (other fractures, including toddler).
With appropriate training, the system classification was reliable, especially among surgeons with a minimum of 2 years of clinical experience. We encourage a wide consultation among surgeons' international societies and the use of this classification system in the context of clinical practice as well as prospectively for clinical studies. We also recommend developing and implementing quality control procedures in any documentation system for pediatric long-bone fractures.
